Structural organization of the I1 inner arm dynein in Chlamydomonas and its implication for the regulation of flagellar motility. 

Eileen O’Toole*, Daniela Nicastro*, Richard Gaudette*, Cathy Perrone#, Win Sale@, and Mary E. Porter#

*Laboratory for 3-Dimensional Fine Structure, University of Colorado at Boulder, @Department of Cell Biology, Emory University, #Department of Genetics, Cell Biology, and Development, University of Minnesota


The motility of eukaryotic cilia and flagella depends on the presence of multiple dynein motors that convert the chemical energy derived from ATP binding and hydrolysis into mechanical forces that drive microtubule sliding within the axoneme.  The outer and inner dynein arms have different roles in generating motility.  The outer arms add power to the flagellar beat and adjust the flagellar beat frequency in response to cellular signals, but they are not otherwise required to generate the flagellar waveforms.  In contrast, the phenotypes of inner arm mutants (ida) and the in vitro motility of isolated dyneins reveal that the different inner arm dyneins have specific and distinct functions in the generating the diversity of ciliary and flagellar waveforms (reviewed in Porter & Sale, 2000).  One unresolved issue is the structural arrangement of inner arm dynein subunits within the axoneme and their relationship to the regulatory machinery that coordinates their activity.  The current model for the regulation of flagellar motility is that mechanical interactions between the central pair microtubules and radial spokes are converted into a biochemical signaling pathway that ultimately alters the phosphorylation state of the dynein arms within the 96 nm axoneme repeat (reviewed in Porter & Sale, 2000; Smith & Yang, 2004).


To dissect these interactions, we have focused on the I1 inner arm dynein, which is an important target of the radial spoke-central pair complex.  The I1 dynein is composed of two distinct heavy chains (1-alpha and 1-beta), three intermediate chains (IC140, IC138, IC97), and several light chains, and its activity is altered by changes in the phosphorylation state of IC138 (reviewed in Porter & Sale, 2000).  Thus far we have characterized mutations in both DHC subunits and two IC subunits that alter the assembly of the I1 dynein (Myster et al., 1997; 1999; Perrone et al., 1998, 2000; unpublished results).  Analysis of wild-type and I1 mutant axonemes using chemical fixation and conventional thin section microscopy in combination with computer image averaging have provided a 2-D image of the I1 dynein as a tri-lobed structure located proximal to the first radial spoke within each 96 nm axoneme repeat (O'Toole et al., 1995).  Transformations with dynein heavy chain constructs encoding only the N-terminal stem domain result in partial rescue of the mutant phenotypes and reassembly of I1 dynein complexes lacking either the 1-alpha or 1-beta motor domains (Myster et al., 1999; Perrone et al., 2000).  Image analysis of the rescued strains demonstrated that each motor domain could be correlated with one lobe of the I1 structure.   These studies further suggested the IC/LC complex would be located within the third lobe of the I1 structure, in close proximity to the axonemal kinases and phosphatases associated with the radial spokes.  Recent studies of a new mutant, 6F5, which assembles an I1 dynein lacking the IC138 phosphoprotein, has revealed defects within the third lobe of the I1 structure, consistent with previous predictions.  


To obtain three dimensional (3-D) views of the I1 dynein, we are now reanalyzing wild-type and I1 mutant flagella using cryo-electron tomography in combination with correlation averaging to improve the signal to noise ratio and enhance resolution.  Preliminary analysis of the 3-D reconstructions and volume averages confirm the main features provided by the 2-D analysis, but also reveal new details within the inner arm structures.  We plan to increase the number of 96 nm repeats in the averages and to develop new image processing tools such as 3-D difference maps so that we can improve resolution and also compare images of different flagellar mutants.  Our long-term goal is to obtain a more precise 3-D view of how the IC138 subunit interacts with other flagellar components to regulate activity of the I1 complex.   

